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ABSTRACT 

Thi.J paper de!X:ri "61 lie nlllll of &i111Ulation of flux 
di$1rlbulion on J()()kVA 3pha!Je di$1ribulion tran(ormer 
QS.<Jemb/ed with 13" T-joint and mJJred lap comer joint wilh 
#agg.r yoke and llmb for 0t11 lamJ,l(llJon. Thi #nnJadon 
involve& the Wlriation <I flux. Thi flut di#ribuliom haw btJtn 
:Jmuiared uri~ 2DFEM by Quickjield Software built from 
MS f:GO) grade& maurlo/ o/1rt11f(orm•rcort lamln"'10t1.1. 
111e flu:t den$ity is 1.78 T mar/mum at the centre limb<( 
lrtlns{onnercore and lhe 10$$ Mlcu/QIJon I& 1.274 W~ 

Keyword! 
Gain orimled Ii/icon iron. tron('om1er cor-. 2DFEM. power 
'""' colculadon. 

I. INTRODUCTION 

l he d ectrical transbmer was in,'mted by an Amuican 
decaical ~. William Stanley, in 1885 ood was used in 
fte first oc ligftting i\stttllnticn ot Gttat Barringtcn, 
Massachuset1>. The fi m !nlns~ was used to stq> .., the 
power from 500 to 3000 V ood transmitted b o distruice of 
1219 m (4000 ft). Al the rocciviJ111 aid the -<>1"'80 v.os 
stq>pcd do- to 500 v to SO'oet Po_. md office litll>ting. By 
canpariJoo, presem trmsi:>nnecs ore designed to troosmit 

oo-of mopwa11S ofpQwo- 01 volloges of700 kV and 
beyoodfordi...,_ofsevc.ul l>Jndredmil<3. [I ) 
l..<:6s C\'aluati(ll has l:xxxwne impQrtant becaU5e ofhigfl eru:rgy 
cost. Thereb'e, it is necessary to know in detail tie 
behovia.a.rs of fl ux in bl'l.mfcnner in Cl"der to devd op cores 
with higfler efficiency. 

Theeflicicnt opcrnticn ofpov.er trnnsbmcr cores depends to 
• lnrae extent "" the desijn of the j oin IS - th er limbs 
Md yd<es. In the thf«>1lhase, !me limb core the """" 
canplex joints ore the T-joints at the intcrsection the cemrc 
limbandyd<es.[S] 

The quamita.tivc onolysis of local i2td fl ux and less 
dlstributicns has bOXlne ea$ie:r t!Twafl the remarlcable 
rrogress of nwnerical fie.Id ¢.llculatims sldt os the finHe 
d emcnt method. ThenlmCJ'ical simulati oo is mere effective 
md ecau:mical thoo oc.perimmtnl method. Mnover, useful 
suggesti<:ns h improving tnlllsbmcr can be ~ined &cm 
the calculated ft wc and loss d i.$iribltiCll 

The objecth 'O of this simulotioo is to know the Dux 
distrib.Jtioo ond oo.leubte fte ICl!ISes OOC\.I" oo the t:rnmhmer 
ccre with 23° T-joint built tcm MS srMe material using 20 
FEM. 



 



scorch eoi:I is employed to mco.su.rc in1)1one (Joogitudinal ond 
h'lns\'Ci$c) of fl ux demity in the l.nmin.ction within the 
transb"mer e<re as indi.<:aed in fig:W"e S.Bo::ause the fl ux 
tends to deviate oot ol the loogitudinal dir<ctioo in scme 
regicn, small t<knm sea-'Cb eoi:ls ore ld<d to mco.sure 
localiled loogitudinal md tmnS\'a"Se fl ux component l he 
lcxnticm are du:scn to rowr the tr'C{lS v.bcre the Oux is mere 
likely to -.wy dirootiCl'I so as to find distrlbutiCl'I of the fl ux 
bchovi« as shown in Figtl'e S. 

l he testing p-ooess is dcne by using fte No-Load Test Frame. 
The No-Lood Test Frame e<111sisting ol - windings ilr 
eoch - iQtse core.,... desiillol in Mier not <lllly to •void 
introclacing stress to the l.nminati<:ns b.Jt also to kc:q> the 
magnetism oc.a<tly coostrua in nJ I limbs of the e«es. &ch 
winding ooly e.xtcnd:s oJc::ng &S% oo ~ limb in Cl'der to 
enable the stagser length of the three pia31e ccre to be -.wied. 
Ni -. softwood rose 200mm high is usol to raise the 
Ovenlll height of the CCl'C, in Cl'der to minimize fte cfR:<:t of 
fte stray fl ux Cll fte localized mea$1Xeinml$. 

++ 

WU} 

Figu.rc S: Looo.tioo of arthogcnoJ scnrch coi Is n fte thnc 
phase core. 

CnstttU.ctioo scorch coi:l 11ll:es quite o Ieng time in e<:mpleting 
ftis step which f'Nfr'! ho'.le ne<ds to be inserted with search 
ooU. Seardi coU is theenomd oopper ooatol 0.lmm diam<ler 
wire. Each set of test point (4 holes) e<:m:ist of easy and hord 
dirootiCl'I where the holes of easy and han:I dirootiCl'I will be 
i>senol se:wchcoU ondtbe leads are twisted together. All the 
boles at testing point need to be repeated the same method of 
ilscrtilg and twisting the leads. 

After the ~ eoi:ls :rue V.Ollld ond the lea.is twisted 
toeether. the holes we fi lled wift pQl)Urdhane -.'allli.sh to gi-.-e 
added insulotim p-otectioo. The seardl coU leads, v.hidl are 
twisted to prevent My spuriold pick up, ore stuck to the 
IQminatiCl'I by a pQlywdhane -.'alllish. The leuls &cm all the 
search coils are taken to io junctioo box placed in the C«e to 
prevent My intcr~oe fi'Cm the core tt ma.gnetising 
win din gt. 

3. RESULTS AND DISCUSSION 
The insnnroneaus magnj tude md direc:tioo of t1ux ot this 
instant is dlown in FiglrlC 6 oo a l.nrgcr sea.le. At this imtfint 

the tcMLI fl ux in fte cenre limb reaches its maxim.am and 
cu.er limb oony half their ma.ximllll fl ux. A small omollll of 
fl ux deviaticn 6-cm therolHngdirectiCl'I OCCl.n at theO'>wlnp. 

The~ticnal fl ux produced in the T-joint rc&ioo ofthcthrttr 
Ptase three limbs tmnsi:nner e<re are clle to a C('lnbined 
effect of alternating and rota.ting fid ds. This rol!d.:ional fl ux 
ilh.1strates the locus of the variati(ll of the -.wi« iCl'I of the 
IOC<ll izol flux di.stribu; oo tlro.laboot the 11¥lgnetizing cyele. 
The -tioool il ux of the t\ndomatttll compment (SOR>) of 
fl ux density in the 1 (lnm Sbgsered e<re ~ a e<re fl ux density 
of I .Sf is shown in Figtn 7. A Inrae rol!timal Oux is"""'' 
in fle ydc.e oreo whjcft near with centre I inb. Rorotioml fl\.DC 
in this rcaioo is mcrecirwJ.nr. Scme l.nrge rota.tiooal fl ux is 
also observed in or near the T·joint regioo. 

Fipe 8 shov.s the rotational fl ux of the third harmcnie 
canponent of t1 ux dcns:ity in the T·joinl of the C«e 
assembled with n° t11 e<:re fl ux density of I.ST. The cc tent of 
rotxiitg fl ux at this frequency is mere widiesp-ead. As with 
the SOHi canponent. • lnrae mro.nt of -ting ilux is 
irescnt in the T-joint regioo betv.ecn the risftt ycke and 
cenire limb In all G:iure<res. A snall rotxtlng fl ux OCCl.n also 
observed in them iddle of centre limb rcaioo in au iu" C«es. 
There ismcre~tiooal fl llX irescnt in ft is rcaioo. 

Themoj«axes of the locus do not oJY4ys t.Jlow those of the 
fi.lldomcn WJ e<:mpoocnt (partiOJJ{lfly the n° T-joint of e<:re) 
but tend to be parallel to butt joints O'>W much of the e<re 
v.hn the findunentnl canpooents 6lso deviate tom Ile 
loogitudno.1 direetiooofthestrip in fteyoke. 
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Figi.re 6: Di u ibJtioo of local iud fl ux density at 23° T-joint 
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Fiillre 2: Dimension (mm) of 23" T -jolul IOOkVA 
1mnsfonner 1nodel 

f{onml Slard 
CO\! 

L.\MINATION 

Srardli Coil ,.,,.., P1t 6000 

Figure 3: Associated syste.in i>r 1neasuring nonneJ fllL'< 
densily. 

lo order to study the uoroud flux density variation~ oonnaJ 
tlt:$IR:h C()fl flrNl)'I lill"e ~~ tO ITI~U~ R()rnUI flux density 
mriation olong and acrC6s the ltuiilitfltion. The squares of 
!Omro x !Omro nonml ,..rob coils •re pln<ed on• layer of 
ltuninalion at the T ~Oild of the tmnsfonncr core. 11te 
locations chosen 1nust cover the areas where the tlux is 
moie likely to vary di:reictioo so as to fild the medmnism 
distribution of the flux beh11vior. The loai1ion of the 
investigation fo r the tra.nsi>riner oore is s hown in figure 4. 
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Figure 4: The nounal Sal.l'Cb coi:l s pooition in the T-joint of 
tr.1.nsfonner core 

J . RF.SUL TS AND DISCUSSION 

Fundtunental nonn1I flux de11sity at T ~oint flowing in a 
direc1'on nonneJ to the plane of the ltuiilitfltion in the 
sragaerodyoke IOmm l.Sf, SOHz is shown m figures. 

~ 1nagnhud~ of 1.ht nornu l flux «kncity is high flt •nd 
close to an i:utersectioo be.tween two adjacent Lami1111tioos . 
The highest norm..1..1 fluxo<lCUJS al thecorne.redgesofcenoe 
lhnb that is 0. t 70T at tltIX density I .ST, SO Hz. 11te 8\'CNISC 
1ne.gnitude of nonnoJ OlL'< density is largest at the O\'et'lap 
region ••d smallest at tho upper edge of tho Ogbt yoke. Tho 
fmda1nental nonn1I tltIX density incrc8$C$ as it a1)f)roachcs 
the T ~oiid and graduftlly decrease as it INl\ds further away 
from 1he joint. The magni1ude offi.mdameutal normal flux 
density traveling between joints teaches 1ninhnu1n et the 
1nkl poi.id of centre IUnb. This alterotk>n U1 the f\u1drunental 
normal fhec. density is due to i:ncreJSe and decrease of flux 
densily that has been eneigiwl. 

At 8 = 1.5T, 50Hz 
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Figure S: Oistrlbution of the nounal direction of 
fi.mdameutal flux dens:ity at Tjoi:nt with overlap length of 
IO.n1n dwing: l.S et SOHz. 

The instantaneous imgni1ude and direction of flux n1 th.is 
insttud is shown in figure 6 et 1his in$1llnt 1he total tltIX in 
the centre IUnb reaehes i ts mo.'tiinwn end both rigid end left 
yokecarry llalfthei:r maximum flux. 

Since the yokes ClJTy only half the mo.'tiinwn value of the 
tot:aJ fl~ the majo rit/ of the flux from the outer of right 
and left yoke is coni<d through tho u..., boll' of jWJotioo of 
1niddle lhnb end the brgest fltIX oonce1dration is ~w1d in 
the upper edges of1nkldle IUnb. 



 



 



 

 



 



 

QlR 

a.p11 (I) 
µ • µ.µ, (2) 

v.bcre p • mntcritll pmncnbility 
H = material it tensity &cm the tnl; le 

The Awe dtns.ity is o.m.med to lie in th~pl on~ofmodd (xye.-
21'), v.hile the '""",, of decaic "'.,...,. density J and the 
vector J)C(ential A ore Cl'thogcnal to iL Only j 1 and A1 in 
plannrorJ1 md A1 in axisymmct:ric <:QC are not equal to zero. 
We will deno<e them simply/ondA. Fimlly, theeq.iatim b 
pl.nnar case is 

(3) 

(4) 

v.hn compooedS of mognetic permeability tensor µ,and l!
(p. andµ,), compoo.,.. of coercive fon:e VOCl<lr H,. and Hq, 
(H"' and 1(,,.), Md o.urent dem:ity j tn mstam wifiin each 
.block of the modd . 

In crder to find the loss of en~y per C'JCle (I' ma~etizatiCl'I 
of tromfcnner e«e lo.minotion os i>Uow. 
Let /•mean of ircn OOr 

A = i ts arCl of cross sectiCl'I 
JJ• No of tums ofwitt! of the solenoid . 

with relttetheB-HC\r\'Cofe<:reml'teriaJ shO\.\on in figircl. 

• 

• 
Fig\n 3: Hysteresis <XIVO 

I f B is the fl ux density at my in~ then <1' = BA 
v.hen "'.,...,. th'ooab solenoid chu11es, then flux also 
changes and so procllces and induced cml v.bCl9e value is 

Now, H • NV/ tt I • HVN (1) 

The pov.u of rnte of e.xpcndi t\.re of cne13y is 
mainta.iningtheo.urcnt 'l'ft3!l-ins inclaccdem.f'e" is 

•fl w<llt • H 1 xN.A. dB• A.JR dB Watt (8) 
' N dt dt 

&u:rgy spmt in time 'dt 

... u,!!! .. .-N _..,"''·"" Jrule 

"' Total netwu'kdme b' oo.ecydeof rmgnetiz:atim is 
w. Al.fH.dB Joole (9) 

Hence 4 H.dB =arCl of the IOoP. i.e thewea bet~ B-H 

0.1n-eand fie B-axis. 
So, "'°'k don<, cyd< • A.Ix (.,.a if d1< loq:>) Joole 
Now A.I • vol1111re t.('111aterial 
So""' """'k donelcycie!.I =poop area) J(IU)e 
Qo W • (0!00 ofS.H loop)j (IU)elm3/cyde 

4. RESULT AND DISCUSSION 

As an overview fl ux will flow through the e<re limb in 
vario.is ptttems. Fran fipe 4 it shov.s thfi thee Dow 
tlW'rugh cemre limb fmn each left and ri&ftt limb. Simulttti<:n 
using Quickfidd softv.are showing the fl ux lines flow 
dro.ogh the limb and )Oire of b'ODSf~ ..,., 

· ~ ··· ·· ·· · · ···· ·....: ' ~ ........ ~, .. .. ... ,,.A"': ' 
, ~ \. • • • " ,.. • • • .. I • . . .. . . . . • .. . . . . • . • • • . • . .. • . . . .. . . . • . .. .. . . • . .. .. . . .. . . . . • . .. • . • . ' . .. . . • 
' ' 

.. .. . 
• ' 

.. • ' :2· .. ., -• . .... ~~ 
' " •,... ~ .... ' • . ....... ,. . ' l -· •• • 4 . ........ 

l he fl ux density val ue tcm simulatiCll is 1.78 T as indicU:ed 
in figtn S. Fl ux densiy thOI is flow th'ooab the tnmsU.
ccre is not unibm. The maxintsn fl ux density is ~l.Sld in 
the - limb of .... .um., ca-e. Because the flux density 
that is flow &cm the left and ri&ftt limb of the bl'l.mfcnner 
CCl'C is mer townrd ftecemrc limb oftrnnsi>rmere«c. 



 


